From the sputum of a patient with lung tuberculosis we isolated a rapidly growing Mycobacterium strain which was considered a member of a new species. This isolate had strong arylsulfatase activity, but could be differentiated from all previously described species of mycobacteria, including Mycobacterium fortuitum and Mycobacterium chelonae. We obtained similar isolates from soil. These isolates belong to a taxon which occurs commonly in the environment. We propose the name Mycobacterium moriokaense sp. nov. for this taxon.
MATERIALS AND METHODS Isolation of strains.
A 20-g sample of garden soil was shaken with 100 ml of a 0.9% NaCl solution for 30 min, the resulting preparation was allowed to stand for 15 min, and the supernatant was filtered through filter paper. The supernatant from this procedure was centrifuged at 700 x g for 20 min, and the residue in the centrifuge tube was mixed with 3 ml of a 1% KOH solution. This suspension was allowed to stand for 5 min, and 0.02-ml portions were inoculated into 50 slants containing Ogawa egg medium. The Ogawa egg medium contained 100 ml of a basal solution (1% sodium glutamate and 1% KH2P04), 200 ml of whole eggs, 6 ml of glycerol, and 6 ml of a 2% malachite green solution. This medium was made as slopes by sterilizing it at 90°C for 60 min. The inoculated tubes were capped and incubated at 42°C for 7 to 10 days. Nonpigmented colonies were subcultured separately and characterized by methods described previously (13, 14, 18) .
Ten samples of soil were taken in the Obu area of Japan, and 10 to 20 isolates from each sample were studied in detail. Of 168 isolates, 39 (20%) were identified as M . fortuitum, and 129 (80%) were identified as members of a new species. In this study, 48 of these 129 isolates were studied more extensively, and 10 strains (from different soil samples) were used for numerical analysis (see Tables 1 to 3) .
Numerical analysis. Of the 107 characteristics tested, 104 have been described previously (18) . The three additional characteristics tested were growth within 14 days at 42"C, resistance to 5% NaCl in Ogawa egg medium, and resistance to 10 pg of isoniazid per ml.
For comparison with slowly growing mycobacteria, 76 characteristics (20) were used. For comparison with rapidly growing, scotochromogenic mycobacteria, 104 characteristics (18) were used, and for comparison with rapidly growing, nonphotochromogenic mycobacteria the same 104 characteristics plus growth at 42°C were used. The results of each test were coded as 1 (positive) or 0 (negative). The matching coefficient ( M value) between strain pairs was estimated by using the following formula: M value = (n, x 100%)l(n, + nd), where n , was the number of characteristics which had similar code symbols and nd was the number of characteristics which had different code symbols.
The soil isolates were compared with previously described species by using a numerical method, in which the range of a species was determined as a f . 2s (15) , where M was the mean of M values estimated for the strains of a species compared with the hypothetical median organism (HMO) pattern (7) and s was the standard deviation. The range M ? 2s contained about 95% of the strains of a species. Ranges for previously described species were obtained from previous studies (18, 20, 21) . The M value of the soil strains was compared with the M values of the HMOs of all previously described species except Mycobacterium leprae, Mycobacterium lepraemurium, and M y c o b a c t e r i u m paratuberculosis.
The reference HMOs were from determinations that included the type strain of each species.
Mycolic acid patterns. Mycolic acid patterns were examined as described previously (5, 11) . One-dimensional thinlayer chromatography of fatty acid methyl esters was performed by using Silica Gel G (E. Merck AG, Darmstadt, Federal Republic of Germany) and an n-hexane-diethyl ether (4: 1, vollvol) solvent system. DNA relatedness. The procedures used for preparation of deoxyribonucleic acids (DNAs), for calculation of guanineplus-cytosine contents for DNA-DNA hybridization by the dot blot method, and for determination of Coto.s values to estimate genome molecular weights and levels of DNA relatedness have been described previously (1, 3, 4 of carbon atoms in the mycolic acids ranged from 55 to 64 (mean, 59 to 60) (Fig. 1) . The guanine-plus-cytosine content was 64 mol%. The isolates showed strong arylsulfatase activity after 3 days. These findings demonstrated that this Calculated by subtracting two standard deviations from the mean. About 95% of the strains of each species should have M values higher than the lower limit.
Only the type strains were tested. " See reference 13. E11715), were chosen at random from the isolates obtained from ten different places and were compared with all previously described species of Mycobacterium by numerical taxonomy (Tables 1 to 3 ). The M value for these strains fell outside the M values 2 2 standard deviations for all of the Mycobacterium species with which they were compared. Thus, they belong to a new species, for which we propose the name Mycobacteriurn moriokaense.
The mycolic acid pattern of the new taxon is shown in Fig.  1 and 2 . All four isolates tested contained only small amounts of a-mycolic acid methyl esters (Ml) and relatively large amounts of keto-and dicarboxymycolic acid methyl esters (M2 and M3). A gas chromatographic analysis of the M3 spots showed that the mycolic acids had 55 to 64 carbon atoms (mean, 59 to 60 carbon atoms). This mycolic acid pattern has not been observed previously (5, 24, 25) and is distinctly different from that of M . fortuitum, which contains a large amount of a-mycolic acids with 66 to 80 carbon atoms (mean, 76 carbon atoms) (5) .
The genome molecular weight of strain ATCC 43059T (= NCH E11715') (T = type strain) was 2.7 x lo9.
In dot blot hybridization experiments in which the DNA of the type strain was used as a probe, the species other than M . fortuiturn and M . phlei showed low levels of relatedness. Therefore, only the levels of relatedness to M . fortuitum and M . phlei were measured spectrophotometrically. Strain ATCC 43059 showed 67% relatedness with M . fortuiturn type strain ATCC 6841 and 50% relatedness with M . phlei type strain ATCC 11758. As determined by the method which we used, strains belonging t o the same species exhibited levels of relatedness of more than 85% (3). Therefore, our findings are compatible with the concept that the taxon which we studied is distinct from M . fortuitum.
In view of the results described above, we believe that the taxon which we studied is a new species of the genus Mycobacterium and name it Mycobacterium rnoriokaense sp. nov.
Mycobacterium moriokaense sp. nov. Mycobacteriurn moriokaense (mo.ri.o.ka'en.se. L. adj. rnoriokaense of Morioka, the locality where the species was first isolated) cells are acid-fast rods 2 to 6 pm long by 0.5 pm wide. Cords are not formed. Spores are not produced. Nonmotile. A mycelium and branching do not occur in initial growth on Ogawa egg medium. Grows only under aerobic conditions.
Colonies are dry, rough, and nonpigmented in the dark and also after exposure to light. Growth is produced on Ogawa egg medium (or Lowenstein-Jensen medium) after incubation for 3 days at 28,37, and 42"C, but not at 45°C. All isolates grow on a modified Sauton agar medium in which sodium glutamate is substituted for asparagine.
Resistant to hydroxylamine hydrochloride (0.125 mg/ml), sodium salicylate (0.5 mg/ml), p-nitrobenzoic acid (0.5 mg/ml), thiophene-2-carboxylic acid hydrazide (1 kg/ml), ' Tested in modified Sauton agar medium in which sodium glutamate was substituted for asparagine.
rifampin (25 pg/ml), ethambutol (5 pglml), and sodium p-aminosalicylate (2 mg/ml) in Ogawa egg medium. Susceptible to 0.25 mg of hydroxylamine hydrochloride per ml in Ogawa egg medium. Resistance to 5% sodium chloride and resistance to isoniazid (10 pg/ml) in Ogawa egg medium are variable (the type strain is resistant to these agents).
All isolates tolerate 0.2% picric acid in Sauton agar medium; only 29% of the isolates tolerate 0.2% sodium nitrite in Sauton agar medium (the type strain does not tolerate the latter).
All isolates show strong arylsulfatase activity after 3 days; cinamidase activities are negative in all isolates; pgalactosidase activity is negative. L-Glutamate is utilized, but L-serine, D-glucosamine hydrochloride, acetamide, benzamide, monoethanolamine, and trimethylene diamine are not utilized as simultaneous carbon and nitrogen sources.
Acetate, succinate, malate, pyruvate, fumarate, glucose, D-fructose, D-mannose, mannitol, sorbitol, and n-propanol are utilized, but citrate, benzoate, malonate, sucrose, Dgalactose, L-arabinose, D-xylose, L-rhamnose, ethanol, propylene glycol, 1,3-butylene glycol, 2,3-butylene glycol, and 1,4-butylene glycol are not utilized as sole carbon sources in the presence of ammoniacal nitrogen. n-Butanol, iso-butanol, trehalose, and inositol are utilized by 52 to 79% of the isolates as sole carbon sources in the presence of ammoniacal nitrogen (the type strain does not utilize nbutanol and iso-butanol, but utilizes trehalose and inositol).
L-Serine and acetamide are utilized by 98% of the isolates; urea, pyrazinamide, nicotainamide, and succinamide are utilized by 56 to 67% of the isolates, but benzamide, nitrate, and nitrite are not utilized as sole nitrogen sources in the presence of glycerol carbon (the type strain utilizes L-serine, acetamide, urea, nicotinamide, pyrazinamide, and succinamide, but does not utilize benzamide, nitrate, or nitrite).
There are 55 to 64 carbon atoms in the dicarboxymycolic acids (mean 59 to 60 carbon atoms).
Isolated from the sputum of a patient with tuberculosis and from soil.
The guanine-plus-cytosine content of the type strain is 64 mol%.
The type strain is strain ATCC 43059 (= NCH E11715).
Our results indicate that this species is common in soil and might be misidentified as M . fortuitum if investigators use only a few tests, because it grows after 3 days, forms nonphotochromogenic colonies, and shows strong arylsulfatase activity after 3 days (6, 19, 23). However, susceptibility to hydroxylamine hydrochloride (0.25 mg/ml) (12, 19) differentiates M . moriokuense from M . fortuitum and M .
clzelonue. M . moriokaense is further differentiated from M . fortuitum by its failure to utilize glucosamine hydrochloride, monoethanolamine, and trimethylenediamine as simultaneous nitrogen and carbon sources, by utilizing sorbitol as a sole carbon source ( Table 4) . and by the gas chromatographic pattern of its mycolic acids. Characteristics useful for differentiating M . moriokaense from rapidly growing mycobacteria, including both subspecies of M . chelonae, are shown in Tables 4 and 5. LITERATURE CITED
